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SUMMARY

An approximatemethodispresentedforcalculatingthetite+
ferencepressuredistributionat zeroliftofa symmetricalswept-
backwingmountedona circularcylindricalbodywiththechordplane
ofthewingpassingthroughtheaxisof thebody. Themethod
employedisbasedon lineartheoryandisan approxhatefirst-order
method.An exampleillustratingthemethodispresentedfora wing-
bodycombinationconsistingofa circularcylidricalbodyandan
untaperedwingsweptback600. Thewingconsidered- theexample
hasa doubl-wedgesectionwiththemaximumthicknessat the
midchord,a chordequaltotwicethebodydiameter,anda spanwise
distancefromthew~body junctureto’thewingtipoftwobo~
diameters.Theeffectsofa bodynoseon thewingpressuredistribu-
tionarenotconsideredindeterminingthepressuredragof thewing
incombination.It isfoundthatthepressuredragof thewingin
combinationislessthanthatof thetwoexposedhalf-wingsJoined
together.

INTRODUCTION

At subsonicspeeds,w@+40dy interferencehasimportanteffects
on theaerodynamiccharacteristicsofan airplane.At supersonic
speeds,win~bodyinterferenceassumesevengreater~rtance because
of therelativelylargebodiesandsmallwingsusuallyspecifiedfor
aircraftdesignedforflightat suchspeeds.Swepfibackwings
probablyhavegreaterinterferenceeffectsat supersonicspeedsthan -
unsweptor swep~forwardwingsbecausegreaterareasof swept-back
wingsliewithintheregionof influenceof thewing-bodyjunctuxe.

Pastworkonwing-bodyinterferenceat supersonicspeedshasbeen
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largelyconfinedto liftandmomentinterference.Usingtheconcepts
developedbyR. T. Jonesin-hislow-aspect+ratio,trian@Jar-wing
theory(reference1),Spreiter(reference2)hasdeterminedthe
effectofa pointed,slenderbodyofrevolutionon thelift-curve
slopeandcente~f-pressurelocationofa -body configuration.
Browne,Friedman,sndHodes(reference3),usingtheMethOdSof
conicalsupersonicflow,havedeterminedtheloadingona triangul~
wingconical–bodycombinationwitha commonapex. Ferrari(refer-
ence4)hassmalyzedtheliftandmomentinterferencebetweena flat
rectangularliftingsurfaceanda pointedbodyofresolution.

k

Therehasbeenlittleworkontheeffectsofwingthicknesson
theinterferencepressuredistributionsofwin@bodycombinationsat
supersonicspeeds.It isthepurposeof thisreporttopresentan
approximatecalculativemethodfordeterminingthepressurefielddue
to interactionbetweena wingwitha double-wedgesectionthatis
sweptbehindtheMachconeandthecircularcylindricalportionof
thebodyofrevolutioninwhichitismounted.Thecombinationis
analyzedat zerosingleofattackwiththechordplaneof thewing
passingthroughthebodyaxis. Theinterferencepressure&Lstrib&
tions,actingat severalspanwisepositionsofthewingincombina- d
tion,aregiveninthereporttogetherwiththewtiginterference
pressuredrag.

Y
Theemphasisintheanalysisisplacedon swept-backwings,the

surfacesofwhicharecomposedofplmes. Theentireanalysis,based
onthelinearizedtheoryof supersonicflow,isfora fre=tresm
Machnumberof @. Themethodforapplyingtheresultsof the
analysisto otherMachnumbersisgivenat theendof thetext.The
approximatenatureofthesolutionarisesfromthemathaaticalcon+ I
plexityof thecompleteinterferenceproblem.Oneof thecomponents :
of theinterferencepressurefieldrequiresthesolutionofan
integralequation.Sincethesolutionwasnotfound,itwasneces- 1
sarytoresorttoa tediousnumericalsummationprocess.

SYMBOLS

c

C1,CZ,C3

Cd

d

wingchord

factorsfordeterminingwingpressurecoefficients

sectiondragcoefficient
v.

bodydiameter

m
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kl,k2,k~

m

%

nl,n2jn3,rq

P

P.

P

qo

r.p.

s

so

t

u,v,w

~, vu,w~

Vn

Tn

~n’

Vo

factorsfordeterminingaverage
at controlareadueto setof

3

normalvelocity
rectangularwedges

cotangentof sweepangleof linepressuresource

fre~streamMachnurciber

averagesusedindeterminingsectiondragcoeffi-
cient

localstaticpressure

fre*stresmstaticpressure

pressurecoefficimt
()
P-PQ
qo

free-streamdynamicpressure

realpartofa complexfunction

semispanofwingmeasuredfromwing-bodyjuncture
towingtip

semispanofrectangularwedge

maximumthicknessof doubl=wedgesection

perturbationvelocitiesof linepressuresource

perturbationvelocitiesforrectangularwedgein
XV,yw,zw directiorw,respectively

finitevelocitynormaltobody(positiveoutward)
dueto leading-edge sources afterreductionof
infinitesidewashvelocitiesto finitevelocities

averagefinitenormalvelocityforcontrolarea

averagevelocitynormalto controlsreadueto
rectangularwedge

fre+streamvelocity
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X,y,z

Xf,yl>zl

Xw,yw,Zw

NACARMA9E19

longitudinal,lateral,andnormalcoordinatesfor
linepressureso~ceor sinkwithsourceor sink
in z=O planeandtheoriginofthesourceor
sinkat x=O,~-O
(Thepositivex directionisdownstream,the
positivey directionisfromthex axistoward
thesourceor sink,andthepositivez direction
isupward.)

obliquecoordinates(Xt=X+y,yl-=y-mx,zt=z~~ )

longitudinal,lateral,andnormalcoordinatesfor
rectangularwedgewithchordplaneofwedge
coincidingwith Z@ plme
(ThepositiveXw directionisdownstream,the
thepositiveyw directiontotherightforan
observerlooktigupstream,andthepositive
Zwdirectionawayfromthebody.)

slopeof streamwisesectiondueto linepressure
sourceor sink

*

(Positivefora sourceandnegativefora,sink.)
1

?

streamwiseslopeofrectangularwedgescorrespond-
ingto stripsA,B, andC, respectively

()dz~ A-1
streamwiseslopeofrectangular
ingto stripA ad theregion
startsat theforwardedgeof

wedgecorrespon&
of influencewhich
controlareaA-I

odzG slopeofrectangularwedgeinstreamd.sedirection

@!J@;@>.ratioofaveragefinitenormalvelocityto free —
streamvelocityforcontrolareasof stripsA,
B, andC,respectively

o~V(-j
changeinratioof theaveragefinitenormal
velocityto thefre-streamvelocityduetoa
givenringofrectangularwedges

w“

.
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()-3~o&~
ratioofaveragefinitenorMl velocityto free
stresmvelocityforcontrolareaA-I

9 potentialof theperturbationvelocitiesofa line
pressuresourceor sink

e polarangleinp3anesperpendiculartobodywith
originat intersectionofplanewithbodyaxis
(The LMl plsmecorrespondstotherighthalf-
wingforan observerfacingtheoncomingstream
and t9ispositivecounterclockwise.)

longitudinal,lateral,andnormalcoordinateswith
theoriginat theleadingedgeofthewing-body
Junctureandthe ~=0 planecoincidentwiththe
chordplaneofthewing
(Thepositive~ Urectionis downstream,andthe
positive~ directionisup. Thepositive~ direc-
tionistakento therightofan observerfacing
theoncomingstreamfortherighthalf-wingandis
takentotheleftforthelefthalf-wing.)

ANALYSIS

Componentsof theInterferencePressureDrag

Theinterferencepressuredragfora wing-bodycombinationis
thedifferencebetweenthedragof thewing-bodycombinationandthe
sumofthedragsof thebodyaloneandthewingalone.Thewingalone
isusedinthisreporttomeanthetwoexposedhalf-wings~oined
together.Theinterferencepressuredragarisesfromthefo12.owing
pressuredistributions:(1)Thepressuredistributiononthebodyin
combinationminusthaton thebodyalone,and(2)thepressmedistri-
butiononthewingin conibinationminusthaton thewingalone.This
reportconsidersa symmetricalwingmountedonthecyltidricalportion
ofa pointedbodyofrevolution.Thelongitudinalaxesof thebody
sndwingareinthestreamdirection.Sincethesidesofthebodyin
theregioninfluencedby thewingarethenparalleltotheflow,the
bodyhasno interferencepressuredrag.Thus,theinterference
pressuredragisthedifferenceinthedragsof thewingincomb-
tionad ofthewingalone.Themethodsofreferences5 or 6 canbe
usedto determinethedragofthewingalone,butnomethodhas
hithertoexistedfordeterminingthepressuredistributionanddrag
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combination.It isthepurposeof thisreportto
method.

ComponentsofRressureFieldonHalf-WinginCombination

Inthefollowinganalysisofthepressuredistributionanddrsg
of eitherhalf-wingincombination,thepressurefieldactingon the
half-wingissubdividedintofourcomponents:(1)Thatduetothe
partofthebodyforwardof theregionof influenceofthewing,
(2)thatduetothegivenhalf-wing,(3)thatdueto theopposite
half-wing,and(4),thatdueto interacticmbetweenthehalf-wings
andthepartofthebodywithintheirregionof influence.This
subdivisionofthepressurefieldactingonthehalf-wingincombina-
tionisconvenientforthepurposesoftheanalysis.However,once
themethodoftheanalysishasbeenestablished,a slightlydifferent
pointofviewwillbe adopted. .-

Considernowmethodsfordeterminingthevariouscomponents.
Thefirstcomponentcanbe determinedby anyof themethodsavailable
fordeterminingthepressurefieldofbodiesofrevolution,suchas
themethodof characteristicsorthemethodofreference7. In
general,thiscomponentisdifferemtforeachbodyshapeandno
furtheraccountwillbe takenof it intheanalysis.Thesecondand
thirdcomponentscanbe determinedby themethodofreference5.
Thismethodisconsideredbrieflyinthisreportsinceit isthe
startingpointoftheanalysisto obtainthefourthcomponent,which
istheonetowhichtheanalysisisprincipallydevoted.It should
be notedthatthepartof thebodyforwardof theregionof influence
ofthewingswillcauseonlysmallperturbationvelocitiesat thewing
andtillhaveonlya second+rdereffectonthefourthcomponentof
thepressurefield.

PressureFieldonHalf-WingDueto Itself
andOppositeHalf-Wi~

Thelinepressuresourcesolutionof thelinearizedequationof
supersonicflowisfundamentalh determiningthepressurefieldon
eitherhalf-wingdueto itselforto theoppositehalf=wing.Jones
(reference5) givesforthestreamwiseperturbationvelocityu of
a Mne pressuresourcesweptbehindtheMachcone

u= r.po-
V&m

()
&

“ m ~ s cosh-=&
x

#
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The.velocitypotentialforthelinepressuresourceisobtainedby
integrationoftheforegoingequationalonga pathparallelto the
x axis. Thisgives

Y d= cosh-l
(Jh) [J(W3;;2+ZJ}

+ z! “cos-~

(2)

Thelateralsndverticalperturbationvelocitycomponentsare
obtainedby differentiatingequation(2)as follows:

()~=g=b ~ Cos-=[d”-yy’+Z2
1-c dx8 (~+z=)(y’2+Z’q‘1

(4)

To illustratethenatureofthedownwash=d sidewash,these
fieldshavebeencalculatedfromequations(3)and(4)fora sweep-
backangleof600anda fre&streamMachnumberof~. Theresults
ofthecalculationsarepresentedinfigures1 and2. Thesefigures
showthedownwashandsidewashpatternsinanyplsae~erpendicukr
to theaxisoftheMachconeof thesource.Sincetheflowis
conical, thedownwashandsidewashvelocitiesdependonlyon y/x
and z/x,theratioswhichdeterminethedirectionofanyrayfrom
theapexoftheMachcone. Thelinesourcestartsat theapexof
theMachconeandpiercesanyplaneperpendicularto theaxisofthe
Machconeat a point y/x=O.577and z/x=O.Figure1 revealsthat
upwashexistsabovetheplaneofthesource,anddownwashexists
beneathit. Betweenthelinesourceandthesxisof theMachcone,
theupwashanddownwashvelocitiesareconstantjustabovesndbelow
thezeroplaneandtheirmagnitudesareequal.Thus,behindthe
linesourcethereexists,ineffect,a symmetricalwingwitha wedge+
shapedstreamwisesection.
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(Inthelinearizedtheoryof s~erponicflow,thesurfacesofthe
wingaredisplacedonlyinfinitesimallyfromthe z=O plane.) In
therestofthe z=O plane,thedownwashvelocityiszero.The
sidewashpatternof figure2 issymmetricalaboveandbelowthe z=O
plane.Thereispositiveinfinitesidewashvelocityalongtheline
pressuresourceandnegative.infinitesidewashvelocityalongthe
axisoftheMachcone.

Thefactthata linepressuresourceor sinkproduceszero
downwashvelocityeverywhereinthezeroplaneexceptdirectlybehind
it simplifiesthesimulationofcomplicatedwingsby,thesuperpositicm
of linesourcesandsinks.Infact,thepressurefieldofemywing
whichis symmetricalaboveandbelowthe z=O planeandthesurfaces
ofwhicharecomposedofplsaescaneasilybe simulatedby a finite
numberof linesourcesandsinks.Forinstance,thepressurefield
ofan untapered,swept-backhalf-wingof symmetricaldoubl-wedge
sectionwiththemaximumthicknessat themidchordwouldbe formed
by thesourc-sinksystemshowninfigure3. Theleadin~edgeand
trailing-edgesourcesareofequalstrength,butthemidchord-llne
sinkistwiceas strongas eachofthesources.A sourceandtwo
sinksareintroducedtoforma tip. Indeterminingthepressure
fieldof thehalf-wingfromitssourcesinksystem,the u perturba-
tionvelocityforeachsourceor sinkisdeterminedfromequatim(1)
fora givenpointonthewing,takingintoaccountthefactthatthe
startingpointofeachsourceor sinkistakenas theoriginofthe
X>YYZ coordinatesystemindeterminingitsparticularvalueof u.
Thepressurecoefficientsofthelinesourcesendsinksarethen ‘
determinedfromthefollowingequationwhichisbasedonlineartheory:

P =—
()

2A
V. (5)

Finally,thepressurecoefficientsaresummedto givethepressure
coefficientofthehalf-wingat theparticularpoint. .

~ determhingthedragofthehalf-wingfromthepressurefield,
it isnotnecessaryto considerthecontributionsofthetipsource
sinksystemto thewingpressureswhentheMachlinesofthetip
sourceandsinksona givenhalf-wingintersectthetrailingedgeof
thishalf-wing.M thisinstance,whichisfrequentlythecase,the
tipsourc-sinksystemchsmgescmlythedistributionofdragwithin
itsregionof influeacebutdoesnotchangetheover-alldrag.(See
references8 and9.) c d“

Thedeterminationof thepressurefieldononehalf-wingdueto

u
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theotherhalf-wingis simplifiedby thefactthatonehalf-wingdoes
notproduceanydownwashin theplaneoftheotherhalf-wing(fig.1).
Hence,thepressurefieldduetotheonecanbe consideredtoact
directlyontheother.Figure4 presentsan exampleof theinte~
actionofthepressurefieldsoftwohalf-wingsseparatedby halfa
chordlength.Fortheconfigurationshown,theleading-andtrailin~
edgesources,aswellas themidchordsinks,allcontributetothe
pressureson theoppositehalf-wing.In computingthecontributions,
itshouldbe notedthatthevalueof y tobe usedindeterminingy!
inequation(1)willbe negative.Inthisparticularcase,thetip
systemofonehalf-wingdoesnotcontributeto thepressureson the
oppositehalf-wing.

PressureFieldonHalf-WingDueto Interaction
BetweenHalf-WingsandBody

Thesource-sinksystemwhichrepresentsthehalf-wingstill
inducebothdownwashandsidewashagainstthatportionof thebody
withintheirregionof influence.However,thevelocitynormalto
thebodymustbe zeroeverywhere.Thisconstrainingactionof the
bodyaffectsthewingpressuresandgivesrisetothefourthcomponent
ofthepressurefieldactingonthehalf-wingsincombination.To
determinethiscomponentof thepressurefield,it isnecessaryto find
solutionsof thelinearizedequationforsupersonicflowwhichwill
cancelthenormalvelocityinducedat thebodysurfaceby thehalf-
wingsandwhichwillhaveno contributiontothedownwashintheplane
ofthewing. It isapparentthata methodfordeterminingthatpart
of thefourthcomponentassociatedwiththeleading-edgesourceswill
be equallyapplicableto determiningthosepartsduetothemidchord-
linesinksandthetrailing-edgesources.ForcertainrestrictedCO*
ditions,suchas forwingsofverylowaspectratioorforverylow
supersonicMachnunibers,thetipsourc-sinksystemsmayhavean
effectonthefourthcomponeritof thepressuredistributionon the
half-wing. However,thepossibleeffectof thetipsystemsis ignored
intherestof theanalysis,andonlytheleading+dgesourcesare
considered.

Referenceto figures1 and2 showsthatinfinitenormalvelocity
canarisefrmnthesidewashonly. Infinitesidewashvelocityis
inducedagainstthebodyalongtheintersectionsofthebodywiththe
~hordptie. Finitedownwashandsidewashvelocitiesare
inducedeverywhereelseon thebody. It isconvenientto reducethe
infinitiesinthenormalvelocityfieldto finitevaluesandthento
cancelthef~te residue.As willbe shownnext,thisinfinite
sidewashcanbe reducedby a sourc+sinksystem.



.

xl I’WICARMA91!Z9 —.
“

Reductionof infinitevaluesof sidewashvelocitytofinite
.

valuesby sourcesinksystem.- Theinfinitesidewashvelocities
normaltothebodyinthe~=0 planeduetotheleading-edgesources &
canbe reducedtofinitevelocitiesby meansofthesourc~ink
systemshowninfigure7. ImagesourceII cancelsidenticallythe
infinitesidewashvelocitiesdueto sourceI,andimagesourceV
cancelsidenticallythosedueto sourceIV. Theimagesources,how-
ever,produceinfinitesidewashvelocitiesalongthemselves(fig.2)
andproducedownwashvelocitiesbehindthemselveswhichinterfere
withthewingboundaryconditions.Thesetwoconditionsrequirethe
additionof imagesinks111andVI,theoriginsofwhichlieon the
imagesourcesinsidethebody. As showninfigure5, theoriginsof
theimagesinksaredisplacedfromtheoriginsof thecorresponding
sources.(Otherwisethesinkswouldidenticallycancelthesources.)
It isnoteworthythattheinfinitesidewashvelocitiesalongthe
imagesourcesarenotidenticallycanceledbytheinfinitesidewash
velocitiesofthecorrespondingimagesinksbecauseofthedisplace
mentof theirorigins.Theresultantsidewashvelocityat thebody
is,however,finite.To accomplishthereductionoftheinfinities
ina satisfactorymanner,theoriginsof theimagesinksmustbe
closetotheoriginsof the.correspcmdingImagesources.Thispoint
willbe consideredindetailinthesubsequentillustrativeexample.

-.

k

Thecontributionto thepressuredistributionofthewingdue
toreductionoftheinfinitesidewashisreadilyobtained.It isthe
sumofthepressurecoefficientsdueto thesourcesIIandV, and
sinks111andVI as determinedfromequations(1)~d (5). Again,
theoriginof thex,y,zcoordinatesystemistakenat thestarting
pointoftheparticularsourceor sinkforwhichthecalculationof
thepressurecoefficientisbeingmade.

AftertheinfinitesidewashvelocitieshavealJbeenreducedto
finitevalues,thereremainsa distributionof finitevelocitynormal
tothesurfaceofthebody. Thepart-ofthefourth’componentofthe
wingpressure’fieldarisingfromcancelingthesefinitenormalveloc-
itieswillbe onlyapproximatelydetermined.

Approximatecancellationof thefinitenormalvelocitiesby
rectangularr wedges.-Thefinitevelocitynormaltothebodyatany
pointafterthecancellationof theinfinitesidewashmaybe deter-
minedwiththeaidofequations(3)and(4). Fromtheseequtions
thesidewashanddownwashdueto sourcesI,11,IV,sndV endsinks
111andVI aredetermined,andarethensummedby thefollowingequa-
tionto obtainthefinitevelocitynormalto thebody:

d

b
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i+VI I=VI
Vn—=

10
z

Vo Vo i cose +
Z() ei sine (6)

i=I i=I

Therightiandsidelineof thebodyforan observerfacinguy–
streamcorrespondsto 0=0°,andthelef_Hmnd.sidelineto 19=180°.
A positiveTn/Vo denotesflowoutof thebodywith v positiveto
theright(lookingforward)and w positiveupmrd. Onlythenormal
velocitydistributionforvaluesof e from0° to90°needbe con–
sideredsincetheflowissimilarineveryquadrantof thebody.

Thesurface of thecircularcylindricalbodyisnowdividedinto
controlareas,thenumberofwhichdeterminestheaccuracyof the
solution.Thesecontrolareasareformedby theintersectionsof
longitudinalstripswitha numberofringsas showninfigure6.
Eightlongitudinalstripsandeighteenringswereselectedinthe
presentanalyaistoprovidea reasonablecompromisebetweenaccuracy
andworkrequired.StripA (fig.6)hasa perpendiculartangentto
theplaneof thewing,andthevalueof 6 forthisstripvaries
from-2.5° to+22.5°.me ringsareO.2dwideandstartat ~=0,
wheretheleadin~dgesourcesintersectthebody.

Thenextstepintheanalysisistopresenta methodforcancel–
ingtheaverageflowinducedthrougheachcontrolareaby leadin~~
sources.Thefinitenormalvelocitiesat everypointon thebody
surface.can,inprintiple,be identicallycanceledby a distribution
on thesurfaceofpointsourcesof thet~e usedby Fuckettinrefer-
ence6. Fora planedistributionof thesesources,thelocalsource
strengthisproportionalto thelocalfnducedverticalvelocity.
However,whenthesourcesareplacedona curvedsurface,thissimple
relationshipno longerholds,andthedeterminationof thesurface
distributionof thesourcestrengthtocancelan arbitrarysurface
diswibutionofnormalvelocityinvolvesthesolutionofan integral
equation.Sincethesolutionof thisequationwasnotobtained,it
wasnecessarytousean approximatemethod.

Theapproxhatemethodusedto canceltheaveragefinitenormal
velocityat eachcontrolareaemploysthesolutionfora rectanx
welgeof infinitechord.Therectangularwedgeisformedby the
source~inksystemshowninfigure7. Thesourcesandsinksallhave
no sweepandcorrespondto m=m. For m==,theu,v, andw velocity
componentsofa sourcegivenby equations(1),(3),and(4)reduceto

.



12

u‘-~(s ‘or’(7’=)

v ().+2 g
s ‘Os’-’(*)

NACARMA9E19

(7)

(8)

(9)“‘* (3s CoS-’(JX2%+J ~

The u, Y, sndw componentsfortherectangularwedgewiththe
origtias s~owninfigure7 are

‘=-+($9W -i- cOr’[”3!w- cor’(J3w “o)

‘“‘%i9w{c0sh-1[&2)2+zJ- cOsh-’[J(y:)2+zwJ}.
(u)

Ww =
(){

vQufi_ ‘0s-1
[

+( y~ so),
fi dx~ 1Jxw%w’A/ (Yrs”),+z< -

COS-l
[

(Yw+o)&=?J(YLOF+%? 1 }
(12)

Therectangularwedgesareplacedcm thesidesofa regular
octagonalprisminsidethebodyas shownby figure8. Fromsymmetry
consideratiom,itisapparentthatthewedge@es, orslopes,of
therectangularwedgestobe usedareidenticalforthetwovertical
sidesof theprism,thetuuhorizontalsides,sndthefourinclined
sides.It isalsoapparentthatno flowtillbe Inducedacrossthe
planeofthewing,andthereforethewingboundaryconditionsare
satisfied.Therectangularwedgeswouldinduceinfinitenormal
velocitiesat thecylindricalsurfaceiftheoctagmalprismwere
inscribedinthecircularbody. To avoidthisdifficulty,the
octagonalprismhasarbitrarilybeeninscribedinsidea cylinder

w

w

“v

.
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concentricwiththebodyandhavinga diameterO.g6d. Rectangular
wedgesarequitesuitableforthepresentpurposesinceit isneces-
saryonlyto satisfytheboundaryconditionsat thebodysurfaceand
notatpositionsinsidethebody.

A ste~y-stepprocessisusedindeterminingtheslopesof the
rectangularwedges.First,rectsnguhrwedgesareplacedonthe
octagonalprismsothattheirregionof influenceonthebodybegins
at the ~=0 plane(fig.6). Frmnequations(IL)and(12)forthe
dowhwashandsidewash,theratioofaveragenormalvelocitytofree-
streamvelocity7nf/Vothroughanycontrolareadueto therec-
gularwedgeonsideA oftheoctagonalprismisthendetermined.This
averagenormalvelocityratioisdepemdentona factork whichis
differedforeachcontrolareaas follows:

(13)

where(dz/dx)Arefersto theslopeof therectangularwedgecorr-
spendingto stripA. Thevaluesof k forallcontrolareasabove
thehorizontalplaneof symmetryhavebeendetermined.Thevalueof
thenormalvelocitywascalculatedwiththehelpofequations(11)
and(12)fora nmiberofpointsonthebodyand ~nt/Vo foreach
controlareawasdeterminedby a processof cross-plotting=d
integratingwitha pladmeter.Fhallyjthevaluesof k were
determhedsothatequation(13)wasfulfilled.TableI givesthe
factork forthevariouscontrolareasduetotherectangular
wedgeon sideA ofthe.octagonalprism.Thetablepresentsresults
foronlyhalfthebodysticetheresultsaresimilaraboveandbelow
theplaneofthewing. It isapparentthatthefactorsintableI
maybe usedto determinetheaveragenormalvelocitytbmoughany
controlareaduetoanyrectangularwedge.

WiththeaidofthefactorsintableI} thesloPesofthe
rectangdarwedgesrequiredto canceltheaveragefinitenormal
velocityratioTn/Vo ineverycontrolareaofringI canbe deter-
fied. Let(dz/dx)A-Ibe theslopeofthewedgeswhichlieon sides
A =d E oftheprism(fig.8)andtheregionsof influenceofwhich
startonthebodyat E=o (fig.6). Let(dz/dx)I+Ibe thecorre
spontingslopeofthewedgesforsidesB, D, F, &d–H ~d (dz/dx)c-I
theslopeof
theratioof
velocityfor

thewedgesforsidesC!smdG. NOWlet(%/VO)A_Ibe
theaveragefinitenormalvelocitytothefree-stream
controlareasA–Iand%1~ (%/Vo)~Itwt forcontrol
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areas%1, %1, %1, andH-I,ad (Tn/Vo)c_lthatforcontrolareas
C–Imd G-I. ConsidernowcontrolareaA-I. On thebasisof the
factorsintable1,theratioofaveragenormalvelocityto free
streamvelocitytiducedthroughthiscontrolareaby thewedgeof
sideA correspondsto0.813(dz/dx)A.Sincea wedgeofgivenslopeon
sideA willinducethessmenormalvelocitiesthroughcmtrolarea
B-Iasa wedgeof identicalslopeon sideB willinducethrough
controlareaA-I,itfollowsfromtableI thattheratioofaverage
normalvelocityto free-streamvelocityinducedthroughcontrolarea
A-Iby thewedgeon sideB is0.069(dz/dx)B-1.By symmetry,thewedge
on sideH willalsohave*hecontribution0.069(dz/dx)B_I.Thewedges
on sidesC,D, E,F, andG haveno contributionbecausethecontrol
areaA-Iisoutsidetheirregionsof imfluencefortheMachnumber
andsizeof cmtrolareaselectedintheanalysis.Sincetheaverage
velocitynormalto

()
5
VO A-II+

controlareaA–Iistobe zero
—

()
0.813~dX A.-I -()

+ 2(0.069)~ =0
ti ~1

(14)
t.

.-

—

w

Similarly,forcontrolareasB-IandC-I,thereisobtained

()
Tn + 0.813

()
& + 2(0.069)()

*
~ C-I

=0
k C-I h B-I

(16)

Thestiultaneoussolutionofequations(14)to (16)givestheslopes
oftherectangularwedges,

().dz
()

.- 1*24.83
0

Vn
~ A-1 VO A-I

+ 0.215
G B-I ()

- 0.01825~~0 C-I
(17)

‘()dzG >1 = 0.1075
[(~)&, +(%)&l ]-’0x7(~)>1 ,18)

v

*
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B

()-dz
()

=-0.01825~
()
Vn

GC1 + 0.2151~ *1- ()
1.248~

O A-I o C–I
(19)

Thesevaluesof (dz/dx)A-1,(dz/dx)B-1,and(dz/dx)c_Iaresuchthat
theaverage normalvelocityforeachcontrolareaofringI 1szero.

Oncet;eslopeoftherectangularwedgesrequiredto csncelthe
averagefinitenormalvelocitiesinthecontrolsxeasofrhg I are
determinedfromequations(17)to (19),thevaluesof Tao forall
thecontrolareasbehindringI mustbe adjustedforthecontributions
dueto theserectangularwedges.Theadjustmentneedbe madeonly
for”stripsA,B, ad C becauseof symmetry.,Consider)forexaP~es
controlareaB-VII.Duetothewedgeon sideA oftheoctagonal
prism,theratioofaveragenormalvelocityto fre-streamvelocity
forthiscontrolareais0.218(dz/dx)A-1,usingthefactorsof
tableI. Considernowthecontributionofthewedgeon sideE. 1%
symmetry,theeffecton controlarea~11 of thewedgeon sideE is
thesameas theeffecton controlareaIXVIIofthewedgeon sideA.
Thusthecontributionofthewedgeon sideE totheratioofaverage
normalvelocityto freestreamvelocityforcontrolareaI+VIIis
0.165(dz/dx)A-1.Thetotalcontributionof sidesA andE isthus
(0.218+0.165)(dz/dx)A_l.Ina similarmanner,usingthefactors
of table1, it canbe shownthatthetotalcontributionforthewedges
of sidesB, D, F, andH is (0.835+ 0.153+ 0.180+ 0.153)(dz/d.x)B-I
andthatthesm contributionof sidesC andG is (0.218+ 0.165)
(dz/dx)C-I.Fromthisexample,it canbe seenthatthecontribution
to theratioofaveragenormalvelocityto free-streamvelocitydue
totherectangularwedgesofa givenringcanbe representedas

(20)

Thevaluesof kl,kz,and~ havebeendeterminedintheforegoing
msnnerforallthecontrolareasof stripsA, B, andC. Thefactors
kl,k2,andk~, duetotherectsxgularwedgesofr- 1,are
presentedW tableII. Whenthesefactorsareused,thevaluesof
Yn/Vo forthecontrolareasbehindringI arereadilyadjustedfor
thenormalvelocityinducedby therectangularwedgesofringI.

Theforegoingprocessisrepeatedintheste~by-stepsolution.
A secondsetofrectangularwedgesisplacedontheoctagonalprism
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sothattheregionofinfluenceon thebodybeginsat theboundary
betweenringsI and11at @.2d. Theaveragefinitenormalveloc-
itiesforthecontrolareasofringIIarethencanceledin thesame K
msmneras forringI,usingequations,(17),(18)Jand(19),butsub
stitutingthequantities(7n/Vo)A_I) (%/VO)~llJ~d (%/VO)~II

Jfor(~~o)A_l (Vn/Vo)~l,and(~ VO)c_l,resPecti~elY~andsol~ng
forthequantities(dz/dx)A-11,(dz/dx)&ll,and(dz/dx)c_ll.The
valuesof Vn/Vo forallcontrolareasbehindringII&e adjusted
aspreviously,usingequation(20)andthefactorsoftableII. In
usingthefactorsoftable11,however,itmustbeborneinmindthat
ringII isfartherdownstreamthanringI. Thus,forinstance,the
averagenormalvelocityinducedat controlE-VIIby thewedgesof -
ringIIwouldbe thes&meas thattiducedat control
wedgesofringI. Thus,forthecontrolarealiXVII,
intable11,

area<VI by the
usingthefactors

(21) w

Intheforegoingmamner,theslopesofthewedgesforringIIare-
determined,andtheaveragenormalvelocitiesforallcontrolareas
behindring11areadjustedforthenormalvelocitiesinducedby the

a

wedgesofring11.

Theprocedmreusedindeterminingtheslopesof thewedgesfor
ringI andadjustingthecontrolareasbehindringI fortheinduced
normalvelocitiesofthewedgesofringI hasbeenappliedtoringII.
It isclearthatthisproceduremustalso”beappliedtoeachadditional
ringintheorder111,IV,V, etc.,throughthelastrfng,thatis,
throughthelastringtheregionof influenceofwhichintersectsthe
wing● Withregardto theprocedure,it isdesirableto emphasizethe
useoftableII. Considerthecontributionto theratio(7D/Vo)at
controlareal+VIIduetothewedgesofringVI. Thiscatribution
willbe thesameas that
wedgesofring1. Thus,
B+II

at cantrolareaB-IIduetotherectangular
fortheeffectofringVI oncontrolarea

()A=
‘o B-VII ()= 0.189~

k A-VI ()
+ 0.887*

b *VI ()
+ 0.189*

k C-VI
(22)

.
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Theproceduretodeterminetheslopesof therect’kngularwedges
isnowsummarized.Equations(17),(18),and(19)aresolvedto
obtaintheslopesof thewedgesforringI. Thevaluesof (T~Vo)
forau controlareasbehindringI areadjustedforthenormal
velocitytnducedby thewedgesofringI usingequation(20)andthe
factorsof tableII. Theslopesof therectanglesofringIIare
thendeterminedusingequationssimilarto equations(17),(18),and
(19)withidenticalcoefficients.Thevaluesof Tn/Vo forall
controlareasbehindringII areadjustedusingequation(20)andthe
factorsoftable11,andtheprocessisrepeatedthroughthelast
ringthStcaninfluencethew@g pressures.

mom theslopesofthewedges,thatpartofthefourthcomponent
ofthepressurefieldactingonthehalf-wLngincombinationwhichis
dueto cancelingtheaveragefinitenormalvelocityat eachcontrol
areacanbe calculated.Thiscalculationcompletesthedetermination
ofthepressurefieldactingonthehalf-wingincombination.The
pressurecoefficientat anypointduetoanyoneof therectangular
wedgescanbe calculatedwiththehelpof equations(5)and(10).It
canbe easilyshownthatthepressurecoefficientat anypointon the
wingduetothefirstsetofrectangularwedgescanbe expressedin
theform

‘= ..(g)A_I+c.(g)+.+@c_I (23)

Thecontributionsoftheothersetsofrectangularwedgestothe
pressureat a givenpointcanbe similarlyexpressedandcalculated.
Thecontributionsofallofthesetsaresunmedata nmiberofpoints
ata givenspanwisestationtoyieldthesectionpressuredistribution.
Thedetailsof calculatingthepressurecoefficientswillbe givenin

—

theexsmple.

311LusTRATm

Thepressurefieldactingona

EXAMPLE

half-wingin combinationhasbeen
subdividedintofourcomponentsina particularmannerto facilitate
theanalysis.Thefourthcompon-t,thatdueto interactionbetween
halX-wingsandbody,wasfurthersubdividedintotwoparts.Withthe
determinationof itsvariouscomponents,thepressuredistributionon
a half-wingisfullydetermined.Thepartof thispressuredistrib~
tiondueto interferencewillbe consideredinthisillustrative
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example.Theove~ll interferencepressuredistributionofthe
half’-wingincombinationisdefinedforthepurposeof thisreportto
be thesumofthatcmponentdueto theoppositehalf-wingandthat
componentdueto interactionbetweenthehalf-wingsandbody. The
componentdueto thebodynoseisnotconsideredforreasonsalready
given,andthecompanentdueto theeffectof thehalf-wingon itself
isnotan interferencepressuredistribution.Theove~ll.inter-
ferencepressuredistributionisconsideredintwopartsto facili-
tatethefairingofcurvesrequiredin thisillustrativeexample.
Thefirstpartof theover-allinterferencepressuredistributionis
thesumof thepressuredistributiondueto theoppositehalf-wing
andthepressuredistributionduetoreducingtheinfinitesidewash
velocitiesto finitevelocities.Thesecondpartisthepressure
distributiondueto cancelingtheaveragenormalvelocitiesat each
controlareaby rectangularwedges.

In thisillustrativeexsmpletheinterferencepressuredistri-
butionat zeroliftandtheinterferencepressuredragarecalculated
at Me=@’ fora 60°swep~backwingmountedona circularcylindri-
calbody. Thedimensionsofthe-body configurationconsidered
aregiveninfigure9. Anuntaperedswepkbackwinghasbeenchosen
whichhasa symmetricaldouble-wedgesectionwiththemaximumthick-
nessat themidchord,andthebodydiameterhasbe= takenequalto
one-halfthewingchord.Theover-allinterferencepressuredistri-
butionsduetotheleading-edgesourceshavebeendeterminedforthe
stationsshowninfigure9. Thespanwisedistributionofpressure
dragcorrespondingto theove~al.1interferencepressuredistributions
hasbeencalculated.Finally,theinterferencepressuredrag,as
definedintheanalysis,hasbeendetermined.

WingPressureFieldDuetoLeading-EdgeSouce of
OppositeHalf-Wingandto CsmcelingInfinite

SidewashofLeading-EdgeSources

Thepressuredistributionat the-body junctureofthe
righthalf+dng(foran observerlookingforward)dueto theleading-
edgesourceofthelefthalf’-wingandduetoreducingtheinfinite
sidewashvelocitiesoftheleading-edgesourcesto finitevelocities
is shownin figure10. Onlytheinterferencepressuredistribution -
dueto theleadi~dge sourcesis shownforpurposesof clarity.
Thecorrespondingpressuredistributionforthemidchord-linesinks
isdoublethatforthele@i~dge sources,isnegative,andis
shifteda halfofa chordrearward.Thecorrespondingpressuredis-
tributionforthetrai~edge sourcesisidenticalto thatforthe
leading-edgesourcesbutis shifteda chordlengthrearward.

w

w

-.

.
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In figure10 thecontributionoftheleading-edgesourceofthe
lefthalf-wingisthatdueto sourceIVandthecontributicmdueto
reducingtheinfinitesidewashvelocitiesof thele~dge sources
isrepresentedby thesumof sources11 andV plussinksIIIandVI.
Thetotaleffectis 11+ III+ IV+ V + VI as shown.

Thesepressuredistributionspresent6everalnoteworthyfeatures:
First,thewingpressuresdueto reducingtheinfinttesidewashveloci-
tiesareallfinitesincetheinfinitepressurepeakof sourceV is
c=celed,althoughnotidentically,by theMinite pressurepeakof
sinkVI withoutformhga cusp.A cuspneartheleadingedgearises
inthesumpressuredistribution(II+ III+ IV +V +VI) dueto
sinkIII. Thepositionof thiscuspdependsonlyon thepositionof
theoriginof sink111,whichisarbitrary.As theoriginof sinkIII
approachesthatof source11,it isapparentthattheeffectofthe
cuspismadesmaller.Twocuspsareintroducedintothesumpressure
distributionat theintersectionsof theMach.lJnesof sourceV and
sinkVI withthe-body juncture.As theoriginof sinkVI
approachestheoriginof sourceV, thedifferencein theheightsof
thecuspsdecreasesaswellas thechordwisedistancebetweenthem.
Forreasonsthatwillstisequentlybediscussed,it is desirableto

●

minimizetheeffectof thecuspsinthefinalpressuredistribution
by locatingtheoriginsof sinks111andVI closetotheoriginsof
sourcesII andV, respectively.Itwasfoundthatpositionsof the

\ originsof sinksIIIandVI of either0.05dor O.10dfromthewing-
body@ncturegavegoodresultsin thepresentexample,astillbe
pointedout. If theoriginsofthesinksarelocatedtoocloseto the
originsof theirrespectivesources,however,thefinitevelocities
normaltothebody(vn)wouldbe toolargealongthew@&body junctures
andwouldimpairtheaccuracyof themethod.

Thepressuredistributioninfigure10representsonlypartof the
interferencepressuredistributionat thewin&bodyjuncturedueto the
leading-edgesources.Thesecondpartarisesfromcancelingthefinite
velocitiesnormaltothebody. AS previouslymentioned,a distribution
ofpointsourcesof thet~e usedby Puckettscatteredoverthebody
could,inprinciple,cancelthevaluesof v~o at everypointonthe
body. Thepressuredistributionat thewing+bodyjunctureresulting
fromthissourcedistributionwouldhavecuspsthatwoulddirectly
offsetthoseof figure10. However,inthepresentapproximatemethod
of obtaining thesecondpartoftheinterferencepressurefield,the
offsettingcuspswillnotbe obtatied.

Themannerinwhichthepressuredistribution,dueto theleading-
edgesourceof theoppositehalf-wingandtoreductionof theinfinite
sidewashvelocitiesof theleading%dgesources,variesin thespanwise
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directionis showninfigureil..Neartheleadingedgeofthewing-
bodyjuncture(~/s=O)thepressurecoefficientislarge.Thisisto
be expected,aswillbe pointedout. Thepressurecoefficientsare’ t“
allzeroat theforwardMachlineforallstationsexceptthewing-
bodyjunctuye,andthefirstcuspreducesinseverityas thespanwise ““
distanceincreases.Althoughthedoublecuspnearthemidchordof
theinboardstationreducesinseverityas thespsnwisedistance
increases,itdoesnotdo soas rapidlyas thecuspbehindthe

—

leading-edgeMachline.Thepartsofthepressuredistributions
betweentheleadingedgeandtheleading-edgeMachlinehavebeen
includedinthefigurebecausethesedistributionsaremovedduwnstreaxu
indeterminingthecorrespondingcontributionsof themidchord-line
sinksandthetrailing-edgesourcesonthewing.

Wing.PressureFieldDuetoApproximateCsacellation
oftheFiniteVelocitiesNormalto theBody —

DuetoLeadin&EdgeSources —

Thepartoftheinterferencepressurefieldduetoapproximate
cancellationof thefinitevelocitiesnormaltothebodyhasbeen
determinedonlyfortheleading-edgesourcesasbefore.First,the T

ratiooftheaveragefinitenormalvelocityto free-streamvelocity
Vn/Vo foreachcontrolareaaftercancellationoftheinfinitesid-
washwasdetermined.Thevaluesof v/V.‘=d w/V. forsourcesI, t
11,IV,andV andshks IIIandVI (fig.5)werecalculatedfor
valuesof g Q Oo,

1
10o,300,600,and900,audfordistancesg d

of0,0.5,1.0,1.5,2.0,2.5,and3.0,usingequations(3)and( ).
Thevaluesof vn/Vo werethencalculatedfromequation(6). The
valuesof ~n/VowereplottedagainstE/d foreachvalueof e
andaveragedovertheintervalsO - 0.2,0,2- 0.4,etc. These —
averagequantitieswerethenplottedagainste andaveragedover
theintervalsO - 22.50,22.5°-67.5°,and67.5°-90Qforeach

.—

controlringgivingTn/Vo foreachcontrolarea.Thevaluesof
7n/Vo forthecontrolareasaregivenintable111.

—

Thenextstepwasto determinetheslopesoftherectangular
wedgesnecessaryto canceltheratioofaveragefinitenormalveloc-
itytofre=streamvelocityTn/Vo foreachcontrolarea. Theslopes
(dZ/dX)A-1,(dZ/dX)~I,and(dZ/ti)&IforringI werecalculatedfran
equations(17),(18),and(19).Thevaluesof Tn/Vo forthecontrol
areasofringsIIto XVIIIwereadjustedusingequation(20)andthe
factorsintable11.

—
Next,theValueSOf (dz/dx)A_II,(dz/@&II,

and(dz/~)~11forringIIweredetermined,sudtheprocesswascon-
tinuedtoringXVIII,thelastringaffectingthewingpressures.

— c

TheslopesoftherectangularwedgesaregivenintableIV.
●
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Thechordtisepressuredistributionsduetotheapproximatec-
cellationof thefinitevelocitiesnormaltothebodywerefinally
detertiedusingequation(23).Someconsiderationwasgivento
choosingthechordtisepositionsatwhichthepressurecoefficients
of thewing-bodyjunctureweretobe calculated.ConsidersidesA
andE oftheoctagoqalprisminfigure8. The rectangular wedgeson
thesesideswillhaveleadin~dgeshockwaveswhichintersectthe
wingsurface.Fora shortdistencebehindtheshockwavesa constant
pressureexists.Calculationshowsthattheconstantpressureregion
covers6 percentof thechordat thewing-bodyjuncture,butonly0.7
percentat the q/s=l.Ostationbecauseof theeffectof thetipMach
conesof thewedge.At theendoftheconstahtpressureregionthe
chordwisepressuredistributionhasa verticaltsngent,andthe

‘ pressurecoefficientfallsrapidlytoa muchlowervaluea shortdis-
tanceback. Thepointsatwhichthepressurecoefficientswerecal-
culatedwerechosensothattheydidnotcoincidewiththeconstant
pressurepeaksat thewing-bodyjuncture.Thedistancebetweenthe “
points.wastakenequalto thewidthofthe,rings(0.lcor0.2dfor
thepresentexample)to simplifythecalculations.

ThecoefficientsCl,Cz,andC~usedtiequation(23)incal-
culatingthecontributionsto thechordwisepressuredistributionsof
thefirstsetofrectangularwedgesarepresentedintableV. The
contributionsofthesecondsetofrectangularwedgesto thewing
pressurecoefficientswerealsocalculatedusing equation(23)and
tableV, takingaccountofthefactthatthesecondsetofwedges
starta distance0.2ddownstreamof thefirstset. Thefactorsfor
thefirstsetofwedgesare C==0.4462,CFO.8613,and G=o.4168at
the0.582chordpositionof theO.@ q/s station;whereasthe
factorsforthesecondsetofrectangularwedgesare C==0.6858,
C2=1.2024,and C3=0.5396at thispoint.Thus, the contribution of
allrectangularwedgesto thepressurecoefficientatanypointwas
readilysummed.

Thepressuredistributionsdueto cmcelingappr(?ximatelythe
finitevelocitiesnormalto thebodyduetotheleading-edgesources
areshowninfigure12 forfourof thesevenspszwisestations.
Sincetheouterstationsarefarthestfromthewedges,thescatter
ofthepointsdecreasessmdtheaccuracyimprovesas thedistance
fromthebodyincreases. Curves have beenfairedthroughthepoints
ofthe18-ringsolution.Forpurposesof comparison,thepointsof
thechordtisepressuredistributionusinga ~ring solutionwiththe
widthof theringsequaltoO.&ihavealsobeenplotted.These
pointsscatteraboutthecurvesfor thel~ringsolution,butthe
scatterisnotmuchgreaterthanthatofthemoreaccuratemethod.
Apparently,thedegreeofapproximationdoesnotchangerapidlywith
thenumberofringschosen.

.
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Ove&AllInterferencePressureDistributions
DuetoLeadin&EdgeSources

u“
Theover-allinterferencepressuredistributionsduetothe

leadin&edgesourcesarerepresentedby thesumsof thepressuredis-
tributionsoffigure11plusthoseoffigure12. Theover-all
pressuredistributionsforfourspanwisestationsareshowninfigure

—

13. Thisfigurebringsouta numberof significantfacts.Forpoints
veryneartheleadingedgeofthewin~bodyjuncture,thebodyis
effectivelyan imfiniteperpendicularreflectionplane.Thus,the
interferencepressurecoefficienthereis0.52(t/c),just as it is at
therootchordofthewingaloneforeitheroftheleading+dge
sources.If thebodywerean infiniteperpendicularreflectionplane,
theinterferencepressurecoefficientforallpointsofthewin~body

-.

juncturewouldbe 0.72(t/c).However,becausethebodyiscurvedand
isnota perfectreflectionplane,thepressurecoefficientdecreases
rapidlytoa muchlowervaluea shortdistancebehindtheleadingedge
ofthewing-bodyjuncture.

Theeve?.-allinterferencepressuredistributionsdueto the
leading-edgesourcesshowincreasingpositivepressuresovertherear
partofthewingontheinboardsectionsandovermostofthewingon
theoutboardsectionsbecauseoftheinfluenceoftheoppositehalf-
wingofthecombhation.Theregionof influenceofonehalf-wingof
thewi~body configurationonthebodyandtheotherhalf-wingcanbe
determinedfromthefollowingconsiderations.Considertheleading
edgeofthewing-bodyjunctureofthelefthalf-wingasa sourceof
pressuredisturbanceswhichradiateinalldirectionstotheleft
withtntheMachconefromthesource.A pressuredisturbancewill
startto travelina verticalplanealongtheintersectionoftheMach
conewiththebodyat45°to the-body juncture.Afterthisdis-
turbancehastraveleda shortdistanceup thesideof thebodytoa
newpositionP, itcanbe thoughtofas thesourceofa numberof
secondarydisturbanceswhichradiateinalldirectionswithinthe
MachconefrompointP totheleftoftheplanetangentto thebody
atpointP. The-secondarydisturbancetravelingalongtheinte~
sectionoftheMachconefrcm P withthebodywilltravelina
directionwhichis45°totheelementofthecylindricalbodythrough
P. Theforwardboundaryoftheregionof influence ofthelefthalf-
wingonthebodythusintersectstheelementsofthecylinderat 45°,
andwouldbe a straight45°lineifthecylindricalsurfaceofthe
bodywereunrolled. -.

Tromtheknowledgeof thepositionoftheforwardboundaryof
theregionof’influenceofthelefthalf-wingonthebody,the
forwardboundaryoftheregionof influenceofthelefthalf-wing

i
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on therighthalf-wingmaybe determined.1% theforegoingpara-
graph,it isapparentthattheeffectof thedisturbancesstarting
at theleadingedgeoftheleft-body juncturemusttravela
distancesr(d/2)downstreambeforeitcanreachtherightwin&body
juncture.Forthepresentexampletheeffectreachestheright
wing-bodyjunctureat aboutthe7&percentchord,andthisposition
correspondsto thestartingpointof theforwardboundaryofthe
regionof influenceof thelefthalf-wingontherighthalf-wing.It
mightbe surmisedthatthisboundaryistheMachlineon theright
half-wingwhichstartsat the7&percent-chordpositionof theright
wing~odyjuncture.However,thisisnotthecase. Considersecondary
disturbancesfrompointson therigh~handsideofthebody. It is
apparentthatsomeof thesesecondarydisturbancescanreachtheright
half-wingalongstraightpathsfromtheirrespectivesources.When
accountistakenofthiseffect,itcanbe shownthattheforward
boundaryof theregionof influenceof thelefthal.f-whgon theright
half-wingactuallyliesinfrontof theMachlinefromthe78-percen%
chordpositionof therightwing-bodyjuncture.Thecoordinatesof
theforwardboundaryaregivenby theequation

E
[

=;X+2
-- Co”’(*)]

(24)

The E distanceis measuredpositivedownstreamfromtheleading
edgeof thewing-body$mctureand q isthelateraldistancefrom
the~ody juncture.It isapparentthattheforwardboundary
asymptoticallyapproachesa Machline.

Theforwardboundaryof theregionof influenceof theleft
half-wbgon therighthalf’, shownin figure13,is b close
agreementwiththestartofa regionof risingpositivepressure
“exceptnearthe-body @ncture. Theregionofrisingpositive
pressureisa consequenceofthepositivepressurefieldof theleft
leading-edgesourcepassingaroundthebody. If thepresentanalysis
hadbem rigorousto thefirstorder,theregionofpositiverising
pressurewouldprobablyhavestartedas a cuspat theforwardboundary.
Theslightdiscrepancynotedat thewin&bodyjunctureisdueto the
approxhationsof thepres-tmethod.

It isapparentfromtheforegoingdiscussionoftheove~l.1
h.terferencepressuredistributionsduetotheleadi~dge sources
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thatno cuspsshouldariseinthesepressuredistributionsin front
oftheforwardboundaryoftheregionof influenceat theopposite

.—

half–wing.Thecuspsinfrontofthisboundary,showninfigure13,
~.

wouldhavebeenidenticallycsmceledifa precisefirst-ordermethod
ratherthanan approximatefirs&ordermethodhadbeenusedtoobtain
thepressuredistributiondueto cancellation-ofthefinitevelocities
normaltothebody. Forthesereasonsthecuspsin questionhave
beenfairedas shownby thedashedlines-infigure13. Theeffectof
fairingthefirstcuspsneartheMachlineoftheleadingedgeis
small.However,thefairingofthesecondandthirdcuspshasan
appreciableinfluenceonthepressuredistribu~ion~andwas.performed
as follows:Thefairingstartedat thesecondcuspasa continuation
ofthepressuredistributionin frontofthiscuspandjoinedthe
pressuredistributiononthetangentdirectionubehindthethirdcusp. __ __
Theeffectofthisfafringontheinterferencepressuredrag1s con-
sideredinthenextsection.

InterferencePressureDragofHaU-Wings

As previouslypohtedout,theinterferencepressuredragis
equaltothedragofthewingincombinationminusthatofthewing
alonefortheconfigurationsconsideredinthisreport.Thewing
aloneistakentobe thetwohalf-wingsjoinedtogether.Thepres-
suredxagofthewingaloneisconsideredbeforedeterminingthe
interferacepressuredrag.Thespanwisedistributionofpressure
dragforthewingaloneisshowninfigure14. Thisfigureisbased
onresultsofreference9 andwasobtainedusingthelinepressure
sourcetheoryofR. T. Jones(reference5). Thepressuredragon the
givenhalf-wingdueto itsownpressurefieldaccountsformostof
thewin&alonedrag. Infact,fora l~percen%thicktingthe
pressuredragcoefficientis0.0086,ofwhich0.0064isduetothe
pressurefieldsofthehalf-wingsactingonthemselves,while0.0022
isduetothepressurefieldsofthehalf-wingsactingontheopposite
half-wings.Theeffectofthewingtipsonthespanwisedistribution
ofthepressuredraghasnotbeenincludedinthefigureySincejas
previouslymentioned,”thepresenceofthetipchangesonlythedistri-“
butionofthepressuredragwithintheMachconesfromtheleading
edgeofthetipsanddoesnotchangetheover-allwingdrag(refe~
ences8 and9).

.

b.-

—

—

Thespanwisevariationofthepressuredragof thehalf-wbg
associatedwiththeove~ll interferencepressuredistributioncam
easilybe determinedfromtheoverwllinterferencepressuredistri-
butiondueto theleading-edgesources(fig.13).Denotingthe

● ——
averagevaluesof P/(t/c)foranyspanwisestationoverthe —

.
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chordwiseintervalfrom-1.Oc to+. 5Cas nl, from-O.5cto O as
n2, fromO to O.~cas ns,andfrom0.5cto 1.OCas n4,thesection.
dragcoefficientdueto theover-allinterferencepressuredistrib~
tionfortheleading~dgesourcesis (n~u) (t/c)2.The’section
dragcoefficientforthemidchord-linesinksis-2(n~) (t/c)2and
thatforthetrailhg-edgesourcesis (nl~z)(t/c)2.Thusthe
resultantsectiondragcoefficientis

(25)

Equation(25)isvalidonlyforthepresentwing,whichhasa symmel+
ricaldouble-wedgesectionwiththemaximmthictiessat themidchord.

Withtheaidof equation(3), thespamisedistributionof the
pressuredraghasbeendeterminedfromtheove~ll.interference
pressuredistributionsof figure13,bothforthefairedandthe
unfairedcurves.(Seefig.15.) Smoothcuyveshavebeendrawn
throughthecalculatedpotitsshowninfigure15as squaresforthe
unfairedconditionandas circlesforthefairedcondition.The
spanwisedistributionof thepressuredragforthetwocasesis CO*
siderablydifferent.Theimportsaceof thedifferencecanperhaps
bestbe assessedby a comparisonofthedragcoefficientsforthe
wingincombimationforthetwoconditions.Thedragcoefficientof
eitherhalf-wing,neglectinginterferenceeffects,isrepresentedby
theuppercurveof figure14,and,fora M-percenkthtckwing,this
dragcoefficientis0.0064.Thedragcoefficientof thewingalone
isobtainedby addingtheeffectof theoppositehalf-w5ngandis
0.0086forthesamewingthickness.Whenthedragcoefficients
representedby thetwocurvesof figure15areaddedto 0.0064,the
resultingdragcoefficientforthewingincanbination,including
interfer=ceeffects,isO.00~ fortheunfairedcasesmd0.0060for
thefairedcase. ~us, thedragof thewinginccmibinationis87
percentofthedragofthewingalonefortheover-allinterference
pressuredistributionswiththecusps,and70percentwithoutthe
cusps, Ineithercase,theeffectof titerferenceisfavorable.It
isprobab<ethatthe3&percentreductionindragcoeffici-trep-
sentsa closerapproximationto thefirst-orderanswerforthesame
reasonsthatit isbelievedthefairedover-all.interferencepressure
distributionsrepresenta closerapproximationtothefirstirder
pressuredistributionsthandotheunfairedones. It shouldbe
notedthattheforegoingresultsapplyonlyto thewing-bodyco-
figurationoftheexamplefor ~=fi, andIt is conceivablethatfor
otherconfigurationsandMachnumberstheeffectof interferencemay

be considerablydifferent.
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Theresultsconsideredsofarhavebeenfordistancesof the
originsoftheimagesinksfromtheirrespectivewing-body”junctures
of0.05d.Theresultsobtainedbythepresentmethodshouldnotvary
muchwithsmallchangesintheimages~ distances&cm this value.
Theresultsofcalculationsusinga ~ring schemeandimag~sink
distancesofOld substantiatethisstatement.Thespsmwisedistri-
butionofthepressuredragdeterminedfromthesecalculations,using
thefairedcurves,aresham infigure15as triangles, andthedis-
tributionisingoodaccordwiththatforthe18-ringschemewith
imagesinkdistancesof0.05d.

T&entheeffectonthewingpressuresof thepressurefieldof
theportionof thebodyinfrontoftheregionofinfluenceofthe
Wingisneglected,thepressuredragofthewin&bodyconfiguration
islessthantheam ofthepressuredxagsofthebodyaloneandthe
wingalone.Fora positionof thewingwellbackon thebody,the
effectof thenoseshouldbe small;butfora positionofthewing
nearthenose,theeffectofthenoseonthe~ maybe greaterthan
theotherinterfer=ceeffects.Thisappearstobe a worthwhilepoint
to investigate,especiallysinceit isamenableto simpleanalysis.
Amothereffectwhichmaymodifythepressuredragofthe-body
combinationistheeffectthattheinterferencepressurefieldmay
haveontheboundarylayerof theccmibinatian.

Theanalysishasbeenfor ~=@. How&ver,thisdoesnot
limititsapplicabilitysincesmywing-bodyconfigurationat a Mach
numberotherthann hasanequivalent-body configurationat
~= w. To determinetheinterferencepressuresona wi~body
combinationata MachnumberotherthanZ, multiplythelon tudinal
dimensionsofthewi~body configurationbythefactor1/$& al &J
givean equivalentwing-bodycombinationat &=@. Solveforthe
interferencepressuresoftheequivalentwin&bodyccmibinationby the
methodofthisreport.Thenthepressurecoefficientat a pointon
theactualwing-be@configurationat a Machnumberotherthan @
is equalto thepressurecoefficientat thecorrespondingpointof
theequivalentwln&bodyconfigurationdividedby~~.

AmesAeronauticalLaboratory,
NationalAdvisoryCammitteeforAeronautics,

MoffettField,Cal-if.
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TABLEI
.

FACTORk FCEl~G TBEAVERAGENORMAL
VELOCITYINDI?UEDTHROUGHT!HllCONZROLAREASBY
‘ITIXRECTANGULARWEIXIECOINCIDINGWITESIDE A
OFTEEOCTAGONALPRISMANDW WHICHTHEREGION
OF INFLUENCEONTHEBODYBEGINSAT ~= O

E

o
0
0
0

●240
.242
.180
.160
.145
.139
.136
.134
.133
.131
.130
.130
.130
.130

D

o
0
0
.030
.295
.210
.165
.152
.144
.139
.135
.134
.132
.131.
.130
.130
.130
,130

strip

c

o
0
.062
.224
.218
.165
.153
.146
.142
,139
.137
.135
.134
.133
.132
.132
.132
.132

B

0.069
.189
.273
.255
.230
.223
.2~8
.214
.211
.209
.208
.207
.206
.206
.206
.206
.206
.206

A

0.813
.887
.%1
.851
.8k5
.840
.835
.833
.832
.832
.832
.832
.834
.836
.838
.840
.841.
.842

I
II
111
Iv
v
VT
VII
VIII
Ix
x
XI
XII
XIII

xv

XVII
XXIII
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TABm II

FACTORSFQRADJUST13fGTEEAVERAGEFINITE
CONTROLAREASDUETO OCTKXXWILPRISM

29

NCIRMALVELOCITY&TVXR1OUS
.

OFIUXTTANGUIARWECGES
WITHKEGIOI?OFINFLUENCEONBODYEE@XNINGAT ~ = O

strip I Strip

-i

Ring
AIRingA

t

c
o
.138
.813

B c! I B

0.278 0.348
.@6 l:;$
.971

0.069
.813
.069-Lk==O.8~3

k2=.138I
k~=O

O.g-pI.6$ X
.278

.189

.887

.189

+

0.887
.378II
o

.861

.546III

.124
+

.274 .343

.686 1.242

.968 .343

.270 .341

.682 1.236

.966 .341

.958

.686 XI’

.274

0
.378
.887

.124

.546

.861

●448
.570
.851

.436
1.050
1.085

.330

.866
1.082

.306

.766
1.015

.292

.732
●993

z
,710
●977

.966

.682 XII

.270

.273
●985
.273.

.
.285
1.299
.285

-t

.@l

.570Iv

.448

1.085
l.~o v
.436

.268 .338

.676 1.235

.967 .338

● 56’
.676 XTII
.268

● 967
.674 Xrv
.266

.525
1.521
.525

.266

.674

.967

●337
1.233
.337

T.968.672 xv
.264

.433
1.412
.433

+

1.082
.866VI
.330 “

1.015
.766VII
.306

.264

.672

.968

.264

.672

.go

.336
1.232
.336

T.go.672 m
.264

.383
1.321
.383

.336
1.234
.336

.366
1.285
.366

.264

.672

.gl

.264

.672

.972

.336
1.235
.336

+

.971

.672 mm

.264

.972

.672 XVIII

.264

--1-.993
.732VTI1
.292

●977 .336
1.236
.336

●355
1.261

●355

.

I
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Z!ABIEIII

RATIOSOl?AVERAGEFINITENCRMALVELOCITYTO~ VELOCITY c
~Tm/VnTHROUGHCONTROLARE&SAFTERCANCELINGlXFIXtTESIDl&--- -

WASHC?!?LZADINMIEESOURC%SFORl&EERCENT-TKICB

c

o
0
.0010
.0080
●Oljxl
.0210
,0240
.0275
.0300
.0315
.0325
.0340
,0340
.0350
.0360
.0370
,0380
.0393

strip

B

o.
,0015
.0065
.0040
.0070
.0120
.0110
.0130
.0130
,0140
.0140
.0140
,ol~
.0150
.ol~
●0250
●0150
●Olyl

A

0.001
-.OMQ
-.0200
-.0300
–.0350
-.0300
-.0350
-.035Q
-.0390
-.0410
-.0410
-.0420
-.0440
-.0450
-.0460
-.0460
-.0460
-,0470

Ring

I
II
111
Iv
v
VI
VII
VIII
IX
x
XI
XII
XIII
Xrv
xv

XVII
XVIII

WING

.

.
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TABLEIv

SLOPEOFREC’lMNGllIARWEOGESCANCELING
AVXRAGEFINITENORMALVELOCITIES

(~), (~), (E)A‘-
4.00002 0.00011 -o●00125 I
.00046 -.00290 .o141J.
.00131

II
-.00917 .01336 III

-.00705 -.00009 .01479 Iv
–.01803 -.oo312 .00783 v
–,00499 -.00453 -.00601 VI
-.oo31.1 ●00295 .01513 VII
-.00392 -:Cm& .CM666 VIII
.00539 .00063 Ix

–.00619 -.00040 .00641 x
–.00707 -.00585 –.00721 XI
.00292 .00090 .00127 XII

-.00484 -.00212 .00418 XIII
.00475 .00269 .00344
.00293 m00445 .00484 xv’

-.00832 –.00457 -.00279 XVI
-.00025 -.000I-8 -.00243 XVII
–.00468 -.00176 –.01358 XVIII
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TABLEv

FACTORSFOR~G THEWINGPKESSTIIUlCOEFFICIENTSDUE
TO TEEFIRSTSETOFIU?JTANGULIRWI!KEES

q/s= o q/s= 0.05 TI/S= 0.125

Position Factor Position Factor Position Factor

Cl=() cl . 0.7788 cl= 0.6026
0.ol& C*=() o.082C C2= 1.0536 0.026c C2= 1.0204

Cs=o ‘ (!~.o c~.o
1.0522 0.4476 0.3730

.llec 1.OCQO ●Ml% 1.4300 .U26C 1.3408
. 0 0 0

.5324 .3194 .2764
.21f!c 1.5028 ~ .282G .778i) .2260 .6612

0 l.om ~ ,9824
.3628 .24* : ●2212

●3180 .$J324 .382C 1.7356 .3260 ~.565%
1.0916 .8508 .7372

.2760
.418s‘

.6858 .6342
l:$g ●Mm 1.2024 .4260 1.0*

.5396 .48$%

.7274 .4462 .4152
●51& 1.2912 .5820 .8613 .5260 ●7*

.5832 .4168 .384.0

*4714 .3549 .3322
.6M0 ●9144 .682c .6990 .626G .6528

.4436 ,3443 [ .3204
●3730 .3000 .2824

.7180 .7368 .7820 .5$?32 .7260 .55%
.3636 .2768
.3~38 .2616 : .2474

.818C .6240 .882c .5=2 .826G .4920
●3100 .2594 .2444
.2730 .2331 (

●2210
.9180 .5440 .$X32C ,4648 .g260 ,4404

.27u .2316 .2196

.2422 .2006
1,ol& .4832 --- --- 1.026c .4008

.2412 .1996

.

I
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.

mBL5 v.-con’rImED

T/s
1

= 0.25 u/s= 0.50 @ = o.~ v/a= 1.00

Posiklon radxu’ Po8ition Factor Position Factor Posltlm Factor

c1 = 0.4670” c1 . o.3Ji82 C!lx 0.2500 (!1= 0.25S(
~.065c C,= .9416 -o.2M!0 c~- .8168 -0.4go C2= .72E!0~.6140 Cp= .66U

Cg=o Cg. o c~=o &.(y

0.3036 0.2sti o.l@l 0.1746
.03> .9128 -.lW% .6432 -.330 .5284 -.@10 .4584

.3431 .bo76 .3$X)2 .3663

.2322

I

.1840 .15p .1394
.1350 .yKa -,O& .4283 -.231.C .3639 -.MAO

.8916
.3’a’3

.7611.8 .67$ .6180

.1898 .1536 .1324 .W32
.235o I.3772 .0520 1.1456 -.13LS a 9578

.6204
-.3S!0

i .4%8 .4216
.W7
.3742

.5701
:8?4;

.4299 .3P
.335C .9750 .1520 -.031C .7327 -.214C .6435

.4300 .3564 .3L08 .27$X2

.3759 .3222 .2870 .26IJ.
.435C .7174

I

.252c .6100 .0693 .5435 -.1140 .4893
.3434 .2930 .2558 .231.2

.3026 .2616 .23&I .2136
.53% .5923 .352c .X@ .169c .4>66 -.014C .4133

.28@ .2480 .22o4 .2oo4

.25EEI .2256 .2026 .1854
.625c .3U4

I

.J+52c .446
la

.26gc .3997 .OE%O .3634
.2525 .21 .l$@ .1782\

,



TKBLE V.- CCl?CLw

n/s= 0.25 ii/s= 0.50
~

1)/B= 0.77 T@ - 1.03

Position Factor FWltion Factor PositloR Factor Position Factor

O.zm 0.2002 0.1804
0.735C .4528 0.552C Jg

0.1656
0.36SG

.2247
m’; 0.M35Q .3268

.1614

.2049
.833c

.1810
.407”7

.1639
.652.

.1509
.35!?2 .46*

.2V27
m: .2260

.1T84
.2!%
.1481

.1%4 .1654
.935C

.1505
.3n5 .752c

.1389
.32$ .569s .2997

,1852
.3860 .2759

.1640 .1487 .1371

.1714 .1528
1.035C

.1355
.3417 .852c .6690

.Ugl
.3052 .2783 .486C

.1705
,2568

.1520 .1384 .x78

.1422 .1304
.9520

.12J.o
-—- --- .2836 .769c .260’2 .% .2b09

.1.416 .1294 .Llga

.1332 .I.225
1.0520

.n38
--— --- .2660 .86* .2444 .6UQ .2268

.1324 .1217 .u32

.1155 .I.076
-—— --- --- --— .!%9S .2308 .7860 .21.46

.1150 .1071

. .1094 .1021
--- --- -—_ --- 1.06% .2185 .&i& 20::

.1O!XI
.0973

--- L-_ --— --- --- --- .5 .Q40
.0968

, . .
1
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WedgeextendsfromO to 0.577 ony/x axis
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/%gure2.-Sidewoshcontoursfor linepressuresourceswepi
back60: M’=@. .
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P&cent chord

F@re Il. - Sjrmwise variation of pressure o’istriho’ion due to Ieudim - eo@ source of left hoff - wing
UI?ddm to reduction of infinite skiewosh W@b.s of leading -edge sources.
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Figure /4.- Sponwise d+v’ributionof the pressure drag for either holf - wing with half -
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wikgs joined 0/ root. Ma= 2.
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